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============

Panel gene sequencing has become an increasingly important strategy for evaluating inherited disease risk. Gene panels are now available for the work-up of conditions such as aortopathy, arrhythmia, cancer syndromes, cardiomyopathy, epilepsy, immunodeficiency, mitochondrial disorders, and X-linked intellectual disability (Chambers et al. [@CR1]; Falk et al. [@CR5]; Green et al. [@CR8]; Hunter et al. [@CR9]; Pritchard et al. [@CR22]; Walsh et al. [@CR29]). Expanded gene panels are more sensitive than single gene testing, and are often more cost effective than sequential testing, leading to additional diagnostic and prevention opportunities (Gallego et al. [@CR6]). However, these panels have the caveat of also identifying rare variants of uncertain clinical significance (VUS) in a higher proportion of patients compared to single gene testing alone (Cragun et al. [@CR2]; Kurian et al. [@CR11]; Maron et al. [@CR15]; Maxwell et al. [@CR16]; Tung et al. [@CR26]). A VUS typically has some characteristics or associated data indicating the variant may be deleterious, but not enough information to definitively classify it as disease causing, or pathogenic. Millions of such variants are present at low frequencies in the population (Lek et al. [@CR12]).

The finding of a VUS can be problematic for patients and clinicians working in a clinical genetics setting (Culver et al. [@CR3]; O'Neill et al. [@CR20]; van Dijk et al. [@CR27]; Vos et al. [@CR28]). Although definitive re-classification of a VUS as pathogenic or benign may eventually occur, the timeline is typically many years, and may be indefinite for rare VUS, especially if the disease is uncommon (Lindor et al. [@CR14]; Murray et al. [@CR19]; O'Neill et al. [@CR21]). In-silico or functional research studies usually cannot resolve the clinical significance of a variant (Katsonis et al. [@CR10]; Lindor et al. [@CR13]; Moghadasi et al. [@CR17]; Schulz et al. [@CR23]). While family segregation studies have the potential to yield powerful data to classify variants, many challenges emerge that limit this potential. The resources needed to identify distant family members and build the large pedigrees necessary to have enough information for informative segregation analysis are inadequate. (Goldgar et al. [@CR7]; Mohammadi et al. [@CR18]). While research studies dedicated to investigating rare variants in families could impact individual families, current research resources and funding are limited and unlikely to have an influential impact on a large number of families.

Most clinical genetics laboratories that offer multigene cancer panel testing do family studies for variant classification; however, practices and policies vary. Recognizing the need to assess the current landscape of family studies across clinical labs, we performed an informal assessment of 12 clinical laboratories located in the United States that offer cancer multigene panel testing using Next Generation Sequencing to determine their current VUS classification activities and procedures.

A major limitation to family studies for VUS reclassification is that the size of the family reported to genetics providers in clinical visits often includes only three generations of relatives and is too small to enable VUS classification (Eggington et al. [@CR4]; Shirts et al. [@CR25]). A majority of patients will have sufficient relatives to reclassify VUS within their first and second cousins (B.H. Shirts and Rosenthal [@CR24]). However, explanation of the details of familial co-segregation studies may be beyond the scope of what could be expected of a genetics provider in routine clinical care.

In response to needs of patients with VUS reports and genetics providers who may be interested in family studies to classify VUS, we developed a novel public educational tool designed to inform patients and genetic counselors about strategies to improve the probability of VUS re-classification using familial segregation. The website will also be a resource for patients, genetic counselors, and other health professionals seeking clinical laboratories and research studies that perform family analysis for VUS classification. This web resource can be found at [FindMyVariant.org](http://findmyvariant.org).

Assessment of Genetics Laboratories Offering Family Analysis Services for VUS Classification {#Sec2}
============================================================================================

We contacted 12 commercial clinical genetics laboratories by telephone and email and asked about current VUS re-classification activities, policies, and procedures between July and November 2015. Our questions were designed to include any VUS re-classification services as follow up on VUS findings *in any tested gene* where a VUS has been identified. Although these services benefit families that are able to reclassify their VUS, as accurate classification enables appropriate clinical care, (Murray et al. [@CR19]), there is no established standard of care for VUS re-classification using family studies. Our goal was not to formally compare laboratories across specific metrics, but rather, to learn the current landscape of VUS re-classification practices.

We initially asked laboratories several broad questions: Is there a family studies program in place? What are the criteria and/or policy for eligibility? And what is the process for enrollment and sample collection? Based on responses we asked for clarification. We re-contacted several laboratories for clarification and to gather additional information. Representatives of each laboratory were given the opportunity to review final content for accuracy, although not all laboratories responded to our queries. Information about Myriad Genetics was gathered from the "MyVision" Variant Classification Program website. In addition to the laboratories listed in Table [1](#Tab1){ref-type="table"}, we contacted Quest and Prevention Genetics, but these laboratories had no description of family studies on their respective web sites and did not respond to our phone queries. Because of the lack of community standards for VUS classification activities and the wide variety of practices, our assessment was not designed as a formal survey.Table 1Informal Assessment of genetics laboratories offering family analysis services for VUS classificationLab Name and Family Studies Program\*Is there a Family Studies Program? What is a brief description?What is the cost to patients and/or relatives?How do you select the families for follow/up? Is every patient who is given a VUS in a cancer gene offered participation in family studies?How long have you offered Family Studies?What is the application process?Ambry Genetics "Family Studies Program" <http://www.ambrygen.com/family-studies-program>Yes. The cases approved for family studies are those that will be most informative in the variant classification process. The decision to approve or deny family studies occurs in the context of the particular variant and family; therefore, all cases are encouraged to apply (with the exception of the moderate penetrance genes listed below).No charge if accepted into family studies programIt is an application process. Certain genes are excluded from the family studies program: At this point in time, patient's whose results consist of only one VUS in the following genes are not eligible for Ambry's Family Study Program: ATM, BARD1, BRIP1, CHEK2, MRE11A, NBN, RAD50, RAD51C, and RAD51D. When applications are received for patients with one VUS in these genes, the provider will be informed about the Inherited Breast and Ovarian Cancer Study at Mayo Clinic. Providers may refer their patients to this study directly without applying to Ambry's Family Study Program. Individuals with two VUS in the same gene from this list are still eligible to apply to the Family Studies Program for the purpose of determining phase (cis/trans).4 years or so but probably longerThere is a note put in the report if eligible for family studies with contact information on how to apply. Download forms and follow application process on website; it's a patient application process.ARUP "FAMS" programYes. A family studies program is in place via the University of Utah IRB approved FAMS research study. Every VUS report has a note to please contact a GC to assess possibility of family studies. Once appropriate relatives are identified, consents and kits are sent to everyone.No charge through a research studyApplication process. No real exclusionary /inclusionary criteria. No genes excluded from family studies research.At least 10 yearsEvery report of a VUS has an addendum that asks to please contact a GC at ARUP to ask about feasibility of family studiesBaylorThere is not necessarily a "family studies" program in place, rather, individual cases reviewed on a case-by-case basis.No charge for VUS in appropriate relatives if meets criteriaCase by case basis to see if appropriate. No set exclusion/inclusion criteria, cases are reviewed and deemed appropriate as they come inAt least 10 years, ever since cancer testing offeredStatement put in report if patient good candidate.CounsylYes. Counsyl has been doing BRCA1/2 since 2013 and recently launched cancer panels in June 2015. There has been a family studies process in place at the lab.No charge for eligible relativesPatients/providers who get a VUS result are asked for a copy of a 3-generation pedigree. It is reviewed and if eligible GC is contacted. At this point, no gene exclusions for family studies, if gene is offer it on Counsyl's panels. There is a "get counsyl" option which features on demand genetic counseling and coordinating. This can be helpful for coordinating family studies, shipping kits and arranging blood draws for other relatives.For BRCA1/2 since 2013. Most VUS to date have been in these genes, recently launched panels.Patients/providers who get a VUS result are asked for a copy of a 3-generation pedigree. It is reviewed and if eligible, GC is contacted. Counsyl gives "opt -out" option for VUS to provider so not all providers receive VUS results.FulgentYes. Fulgent Diagnostics offers no-charge testing for qualifying relatives where a VUS has been reported by Fulgent.No charge for eligible relativesGC or care provider reaches out to Fulgent and they will work with patient/family on case-by-case basis. No set inclusion/exclusion criteria per say.Since late 2013, since launching cancer genesGC must contact Fulgent with information about the family (who is affected, and who is available for testing) to see if patient qualifies. Family study availability is not noted on test results.GeneDX "Variant Testing Program"Yes. There is family studies/variant testing program in place.No charge for eligible relativesThere are no set inclusion or exclusion criteria. Reviewed on case-by-case process. Any gene they offer can potentially be worked up in family studies.Since August 2013, since launching cancer genesProvider gets VUS test result and it is up to provider to contact GeneDx if interested in Family Studies for variant reclassification. Provider can submit pedigree and clinical information, GeneDx will let provider know if family is eligible for testing and if so, which individuals qualify for testing.Invitae "VUS Resolution Program" <https://www.invitae.com/en/vus-resolution>Yes. In order to help resolve variants of uncertain significance (VUS), Invitae offers follow-up testing at no additional charge to select relatives of patients previously tested at Invitae. Variant reclassification relies on information gathered from multiple families. Participation may not result in an immediate reclassification, but can provide information that contributes to this process. If a variant is reclassified, Invitae will issue amended reports with the new interpretation to all individuals who have the variant. Invitae supports sharing our variant interpretations, and makes de-identified variant interpretations publicly available to the research and medical communities via the Clinvar and Clinvitae databases.No charge for qualifying families. For Families that do not qualify for VUS resolution the cost is \$200 per individual per gene in which a VUS was found.Not all variants can be resolved with this kind of analysis, and not all relatives can provide informative data. Decisions about program eligibility are based on:The family structure, disease status, and clinical presentation of available individuals. The type of sequence change in question. The gene in which the VUS was identified. The inheritance pattern(s) and penetrance of the disease(s) associated with the gene. Some genes are not eligible. If eligible the original clinical report will include a statement recommending consideration of VUS resolution.About 5 yearsStatement put in report if patient good candidate for family studies. Patient application process is all online. Patients make an account that pulls in all patients tested information and builds online pedigree.Myriad "MyVision" Variant Classification ProgramSegregation analysis is one of several variant classification techniques used.No charge for select patients and relativesMyriad Genetic Laboratories scientists will review the family history and determine if family testing could provide data useful for reclassificationOver 10 years.Most patients receiving variant result will get a variant information sheet, and an invitation to participate in Variant Classification Program. Provider sends in clinical history form and pedigree. If accepted, Myriad will send invitation and kit to provider to pass on to patientsPathway Genomics "Family Studies Program**"**Yes. Pathway Genomics offers a complimentary Familial Studies Program to help understand the significance of these genetic changes, and how the patient and relatives may be affected. Not all patients will qualify for complimentary testing.No charge for patients and relativesAny report where a VUS is detected will include an application for the clinician and patient to complete. Once familial application is received, it is reviewed within two to three weeks to determine program eligibility. For eligible families instructions will be sent to the ordering clinician that indicate which relatives are authorized for testing. Additional relatives who decide to participate will receive a complimentary laboratory report for the specific change variant in question as well as an interpretation of the current clinical implication.No information provided.If a VUS is detected, the report includes family studies application. Applications are reviewed by Familial Studies Program.University of Washington <http://depts.washington.edu/labweb/Divisions/MolDiag/MolDiagGen/>Yes. Families are reviewed on a case-by-case basis during multiple-medical-director case review. Families may be eligible for family studies through the University of Washington Department of Laboratory Medicine or on a research basis through research laboratories.No charge for select patients and relativesDirector and laboratory GC review families. Availability of family analysis for clinical follow-up may be communicated by phone or email to providers. Ordering providers may also contact the laboratory to query about eligibility. Families are evaluated to determine if available relatives are likely to provide sufficient evidence to reclassify the VUS.4 yearsProvider must contact laboratory to discuss\*Of the twelve commercial clinical labs we surveyed, two labs, Prevention Genetics and Quest, did not respond to our inquiry

Assessment Results {#Sec3}
------------------

There are similarities and differences across the labs (See Table [1](#Tab1){ref-type="table"}). Several commercial genetics laboratories (e.g., Ambry, GeneDx, Invitae) have family studies programs in place with well-developed inclusion/exclusion criteria and/or policies. For example, one lab excludes certain genes from their family studies program, such as low-moderate penetrance cancer genes like *ATM, BARD1, BRIP1, CHEK2, MRE11A, NBN, RAD50, RAD51C,* and *RAD51D*. Other laboratories tend to review family studies candidates on a case-by-case basis (e.g., ARUP laboratories, GeneDx, the University of Washington). Nearly all laboratories offer no laboratory fee for familial single-site testing for relatives that would inform segregation analysis for at least a subset of genes and carefully selected families. All laboratories that offer any form of family studies reported that the program began the same time they started offering clinical cancer gene testing. When asked how many families have been eligible for family studies and what the reclassification "success" rate was, each laboratory reported no mechanism for keeping track of how many patients were eligible, offered participation, or ultimately how many variants were reclassified due to successful co-segregation analysis via family studies. One interviewee explained that although there were many different ways and reasons a VUS could be reclassified, the reason why it was being reclassified, such as family study information, wasn't being tracked.

In general, offering family studies was a common but not necessarily uniform practice for these clinical laboratories that perform genetic testing for hereditary cancer risk. Some of the most significant differences between laboratories are in the process for family studies. Some clinical laboratories work with patients and genetic counselors encouraging individuals to reach out to known family members and identify additional relatives in order to reclassify variants. For most clinical laboratories, however, family studies were only offered in selected situations where VUS reclassification is most likely to be possible or only for selected genes. Some laboratories offer family segregation studies to any interested family on a fee-for-service basis.

Motivation to Develop General Online Resources for Family Based VUS Classification {#Sec4}
==================================================================================

As can be seen in Table [1](#Tab1){ref-type="table"}, many clinical genetics laboratories currently offer family studies programs. These programs are diverse in how they operate and many place the onus on genetics providers to order testing and to help patients identify relatives and obtain biological specimens. Neither genetic counseling time nor the laboratory resources used for family study activities are reimbursed by insurance companies. Limited genetics provider resources and laboratory opportunities make it challenging for many willing patients to participate in successful VUS reclassification efforts.

While advertising the availability of family testing services, clinical laboratories simultaneously have mechanisms to control and restrict patient access to family segregation studies. Commercial laboratories may feel obliged to offer family based VUS reclassification services in limited instances because it is expected by genetics providers; however, there is little incentive to assist patients in contacting the large number of relatives necessary to reclassify VUS or to provide broad access to education about family studies for VUS classification as testing large numbers of relatives can be costly for laboratories. More importantly, the time and effort needed to work with patients and their relatives to build the 4--5 generation pedigrees that are usually necessary to classify VUS would be administratively challenging and prohibitively expensive.

A potential solution is to engage patients and their relatives in expanding their own pedigree. Although there are limited provider and laboratory resources for personally working with and educating patients about pedigree building for family studies, online genealogy resources and social networking may facilitate patients identifying and contacting their relatives themselves with minimal personal guidance. This observation sparked our interest in developing an educational resource for patient-driven family history building for the purpose of VUS classification.

FindMyVariant.org, a New Resource for VUS Family Studies {#Sec5}
========================================================

We have developed a website that contains a patient-driven VUS reclassification toolkit. The mains goals of the toolkit are to: help individuals and families understand medical uncertainty about rare variants; educate individuals and families about ways to find more information about the variants that are unique to their family; provide resources for individuals who want to connect with their families to increase understanding about their genetic variants, and finally, provide resources for individuals who want to connect with clinical laboratories or research studies to learn more about their VUS.

The toolkit walks individuals step-by-step through the process of gathering the family specific segregation information required to reclassify any VUS that has been identified in clinical testing. This toolkit explains the variant reclassification process, teaches patients how to identify relatives who may also carry the VUS, (i.e. informative relatives), and provides aids for contacting relatives and describing the need to involve them in VUS classification. We sought insight from clinical genetic counselors, molecular genetic pathologists, bioethicists, and clinical geneticists to develop content for the website, and we worked alongside an experienced web developer to design the website in a patient- and user-friendly manner.

The content of the website is designed and organized around eight modules or "steps" that a patient may encounter when gathering family medical and variant data (Table [2](#Tab2){ref-type="table"}). The modules walk the patient through each step and include graphics and examples. Screenshots of the home page and of different modules are presented in Figs. [1](#Fig1){ref-type="fig"}, [2](#Fig2){ref-type="fig"}, [3](#Fig3){ref-type="fig"} and [4](#Fig4){ref-type="fig"}. One module lists several online genealogy and social networking tools available to facilitate patients identifying and contacting their relatives, and describes how these might be used in the context of family history building for variant classification (see Fig. [3](#Fig3){ref-type="fig"}). In addition to this content, the website contains two examples that describe the experience of hypothetical individuals going through the process of attempting to reclassify the familial VUS following the tools offered in the website (see Fig. [4](#Fig4){ref-type="fig"}).Table 2Outline of online web modules for classifying a VariantModuleSectionContent/PurposeWhat Does VUS meanWhat is a Genetic VariantExplains variation in human disease and the different ways they are classifiedGenetic Variants & DiseaseVariants can be associated with increased or decreased risk for diseaseUnderstanding Rare VariantsMost rare variants are benign, and certain rare variants can be unique in familiesMedical Care and VUSGuidelines suggest not to alter medical management given a VUS, but rather, consider family history and other risk factors when assessing risk.Reclassifying VUSSufficient evidence may determine if a VUS does or does not cause disease in the family and reclassification of the VUS to benign or likely pathogenic can occur.Co-Segregation Analysis for Variant ClassificationInformation that can be used to classify a variantThis information includes, comparing variant to other variants, looking at how often this variant occurs in individuals with disease, comparing this variant across speciesBasics of using family information for co-segregation analysis:Describes methods and likelihood ratios used when performing family studies to determine if a variant is associated with diseaseEvidence standards for variant classificationReviews different levels of classification assigned to variants ranging from benign to pathogenic.Classifying a pathogenic variantProvides description and illustration of a pedigree for a pathogenic variant at different sizes/stages of analysisClassifying a benign variantProvides description and illustration of a pedigree for a benign variant at different sizes/stages of analysisUsing other information to help classify a variantHow geneticists can compile many sources of information to determine a likelihood ration that a variant is traveling with disease in a family.Talking with your immediate family about your variantStart with what you already knowInstructs individuals to start by recording pertinent personal informationOrganize information about your immediate familyTeaches how to add known family history information about close relativesAdd what you know about your extended familyDescribes adding information about health and disease in extended family membersTalking with your familyInstruct how to be sensitive to family members while communicating with them.Contact your living parents and siblingsExplains how to collect, record, and confirm basic facts about close relatives.Using genealogy to identify ancestors who might have your variantTalking with living relatives to find your ancestorsTeaches how to gather information from living relatives about deceased ancestors.Using online genealogy tools to find your ancestorsLists several genealogy resources including major family history websites with a very brief description of how to use these resources.Obtaining tumors from deceased ancestors for testingIntroduces the potential option of getting tissue from pathology samples from deceased ancestors and briefly describes this process.Finding and Connecting with distant relatives that might have your variantStart with the people you knowExplains that the best way to find distant relatives is by starting with people that you already knowTalking with living relatives to find descendants of your ancestorsDescribes how to talk to known relatives about descendants of a common ancestor, including how to ask for contact information of distant relatives.Using online social networking sites to find descendants of your ancestorsProvides examples of how to use social networking sits, like Facebook, to identify distant relatives.Don't forget low-techLists several public search engines used for finding information about relatives and a variety of people search tools.Laboratory Testing and asking relatives about participation in VUS classificationFinding a clinical Laboratory to Test Samples and Classify Your VariantLists family study resources offered by several clinical laboratories in the United States.Finding a Research Laboratory to Test Samples and Classify Your VariantLists contact information for research studies performing family studies for VUS reclassification.Asking Family Members to Help You Classify Your VUSDifferent clinical laboratories and research studies have different processes for sample submission. This module instructs participants to contact the testing laboratory directly to find details about how relatives can submit samples and offers tips for approaching family.Example Scripts to Ask a Family Member to Help Classify a VariantProvides text examples of how to ask a family member to donate a sample to help classify a VUS.Genetics EducationWhat is a gene?Lists websites that provides explanations and resources for genetics learning toolsWhat is a variant?Lists websites that explain normal variation across humans and provides links learning toolsWhere do our genes come from?Lists websites that explain basic concepts of heredity and de novo mutationsHow does heredity work?Lists websites that describe inheritance patterns in families and individualsWhat is a mutation?Lists websites that describe what changes in DNA are and how they happen. Fig. 1Screenshot of the home page for [FindMyVariant.org](http://findmyvariant.org), a public website. Patients can click on the "get started" prompt and will be introduced to a number of different modules (designed in order, as seen in Table 3) to walk them through the process of gathering family information to help them classify their variant Fig. 2Screenshot with an example of an educational module found at [FindMyVariant.org](http://findmyvariant.org). This module walks a patient through the basics of using family information (i.e. via family studies) for family co-segregation analysis, evidence standards for variant classification, and classifying variant as either benign or pathogenic. It includes patient-friendly information and examples Fig. 3Screenshot with an example of another educational module found at [FindMyVariant.org](http://findmyvariant.org). This module walks a patient through the process of using online genealogy and social networking tools and resources to find and connect with relatives Fig. 4Screenshot illustrating one of two "family examples" on the website. Amelia is a patient who is eager to classify her BRCA1 VUS; this example demonstrates Amelia's journey using different modules to help her connect with relatives and gather the necessary information need to ultimately reclassify her VUS to a pathogenic variant, conferring cancer risks for both her and her relatives also carrying the BRCA1 variant

"Amelia's family" is an example of a woman with breast cancer who has a VUS in *BRCA1*. It includes descriptions of Amelia talking to her family, trying to obtain tumor tissue from a deceased ancestor, and using social media to find distant relatives. Ultimately, her VUS is tracking with cancer in her family and can be reclassified as pathogenic, causing increased cancer risk in relatives who carry the same variant. Similarly, "Charlie's family" is an example of a man with colon cancer and a VUS in *APC* that might be associated with attenuated familial adenomatous polyposis. This example includes descriptions of a patient talking to his family, uncovering information about his great-grandparents, and discovering a branch of his family tree of which he was not aware. The example concludes with Charlie learning that the genetic variant he carries does not cause cancer risk and is reclassified as likely benign. The goal of these examples is to mimic as realistically as possible some of the smaller successes and challenges a motivated patient could expect to come across when attempting to gather all the information that is needed to successfully classify a variant using co-segregation analysis in their own family. Further, they demonstrate the two different outcomes that can be expected upon successful completion of family studies: in Amelia's family, the VUS was reclassified to pathogenic, while in Charlie's family, his VUS was reclassified as likely benign (See Fig. [4](#Fig4){ref-type="fig"}, Table [2](#Tab2){ref-type="table"}).

One specific challenge to patients with VUS that are interested in family studies to learn more about their VUS, is the difficulty in obtaining laboratory services to genotype and classify their variants. As illustrated in Table [1](#Tab1){ref-type="table"}, each laboratory has different processes and criteria for eligibility. Laboratories also have different variant classification criteria and may draw different conclusions from the same family data (Yorczyk et al. [@CR30]). Although, the "Laboratory Testing and Asking Relatives About Participation in VUS Classification" module of the web tool lists clinical laboratories and research investigations involved in family studies and provides links to relevant information, we could not outline next steps for interacting with clinical and research laboratories because there is no uniform process. This is a stage in family studies for variant classification where the patient will necessarily need to contact the testing laboratory for guidance about how to proceed.

Discussion {#Sec6}
==========

The issue of large numbers of patients with variants of uncertain significance is already a problem for medical genetics practice (Culver et al. [@CR3]; O'Neill et al. [@CR20]; Lindor et al. [@CR14]), and may become greater as large-scale sequencing enters clinical care. It is estimated that each individual has hundreds of rare, family-specific variants that might be classified as VUS. Interpreting VUS in clinical genetics creates challenges for health care providers, and their patients. Despite the potential of family studies for VUS reclassification, the resources available and offered to patients are limited.

We surveyed 12 laboratories offering NGS panels for cancer genes that perform family studies for genetic variant classification and provide a summary of eligibility criteria and processes where these details are defined by the testing laboratories reviewed. While not designed to be a formal survey of laboratory practices, we hope this information is a useful resource for genetic counselors and other health professionals as they help patients found to carry a VUS to understand potential next steps for resolving its clinical significance.

While family studies have the potential to yield powerful data to reclassify variants, the time and effort required to build pedigrees adequately for variant classification limit this potential. We developed an educational website containing a patient-friendly toolkit to help aid patients in working with research and clinical laboratories to reclassify their own VUS. The modules were developed to walk patients step by step through the process and address some of the realistic challenges that might come up along the way. Recognizing that each patient and family has it's own complexity and challenges, we offered two examples of patients (Fig. [4](#Fig4){ref-type="fig"}: Amelia and Charlie, see screenshot) from families suspicious for hereditary breast and hereditary colorectal cancers, respectively, as representative examples.

While the website was developed with the above benefits in mind, we recognize that this is a first attempt at designing a patient-friendly toolkit for variant reclassification and consequently, has limitations. At this time, the toolkit is designed for English speaking patients. Further, while we have attempted to build resources suitable for most patient education levels, we realize that some of the concepts and content may be beyond the comprehension level of some patients or their relatives. Because the website conveys complex terms in a simplified level, it may be easier for patients of all educational levels to use. Each patient's family is different and subsequently, the number of individuals needed to reclassify a VUS will be different for each family, and based on the gene and rarity of the disease. There are potential barriers to patients having access to the website, either because their ordering health care provider is not aware that it exists, or they or their relatives may not have internet or computer resources necessary to access the website. Privacy and data security concerns prevented us from including interactive pedigree building at this time; we are investigating this as a possibility in future versions.

As more patients use the website, other challenges that we did not anticipate are likely to be identified. Although reclassification is theoretically possible for almost all families given enough effort in pedigree building, practicalities may prevent many individuals from being able to use family studies to reclassify their variants such as individuals who were adopted, families who used assisted reproductive technologies utilizing donor gametes, or individuals who have limited knowledge or contact with relatives. Further, it is possible that only highly motivated patients will be willing to make the effort to grow their family histories to the point where they are able to classify their variants. Each laboratory we interviewed uses different rubrics for identifying individuals that qualify for family studies and for reclassifying VUS through family studies. Laboratories will undoubtedly respond differently to patient efforts to grow their pedigrees for successful co-segregation analysis. There are still many unanswered questions about VUS classification. Few laboratories report keeping quality records of the success rate of family studies, so future studies will be needed to explore patient satisfaction with VUS classification activities and outcome metrics of these efforts.

Conclusion {#Sec7}
==========

In the current paradigm of multi-gene panel testing, the return of a result with one or more VUS's is a challenge faced by genetic and other health care providers and ultimately, their patients and families. Many laboratories are involved in conducting family studies for variant reclassification with diverse protocols and eligibility criteria.

Engaged patients who are empowered to overcome this barrier to VUS reclassification may make it possible for variant reclassification to shift from that of a research activity, to a clinical activity enabling individualized genomic medicine. In addition to enhancing understanding of rare variants encountered in clinical testing, this approach could provide a significant benefit to families faced with VUS findings. We have described a web tool that responds to this need, enabling patients to take charge of their genetic information in the age of genomic medicine.
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